Introduction
Approximately 1 in 2,500 live female births is affected by Turner syndrome (TS), making it one of the more common genetic conditions encountered in pediatric practice. TS is caused by deletion of all (monosomy) or part (partial monosomy) of the second sex chromosome. Multiple body systems can be affected to varying degrees, presenting both diagnostic and management challenges for the pediatrician. In recent years, knowledge and understanding of TS have advanced substantially. Both the American Academy of Pediatrics and the Turner Syndrome Study Group recently published guidelines for the care of girls and women who have TS. (1)(2) These determinations have relied both on peer-reviewed studies and the opinion of experts in the care of individuals who have TS. In this article, we review the multisystem manifestations of TS and the updated guidelines for care of the girls and women affected with this common chromosome abnormality.
Diagnosis
TS is both a clinical and cytogenetic diagnosis. For a girl or woman to be diagnosed with TS, she must be missing all or part of one copy of the second sex chromosome, as confirmed by a chromosome analysis. Furthermore, she must have phenotypic features consistent with the diagnosis, such as short stature and gonadal dysgenesis or insufficiency. All individuals who have TS have a female phenotype; males never should be given this diagnosis. Some patients have structural abnormalities of the X chromosome, such as deletions of a portion of the long or short arm of the chromosome, a ring X chromosome, or isochromosome X. Most patients who have ring chromosomes or isochromosomes have clinical features similar to or indistinguishable from those patients who have the classic karyotypes. Among patients who have distal deletions of the short arm of the chromosome, the diagnosis generally is reserved for those who have deletions that include band Xp22.3. Those who have small deletions of the long arm distal to Xq24 may have primary or secondary amenorrhea without additional features of TS. Therefore, these individuals generally should be diagnosed more appropriately as having premature ovarian failure.
Some individuals who have TS can have karyotypes that include Y chromosome material. This circumstance may occur as mosaicism for a 46,XY cell line, resulting in a karyotype 45,X/46,XY. Others may have Y material in the form of a chromosome fragment called a marker chromosome. Any girl who has TS and has an unidentified chromosome fragment should undergo fluorescence in situ hybridization (FISH) or DNA studies to determine whether that marker consists of Y chromosome material. The risk for gonadoblastoma is approximately 12% in the presence of Y material. Therefore, laparoscopic removal of the gonads is recommended when Y material is found.
Girls who have TS present with dysmorphic features (Fig. 1) , which can include lymphedema of the hands and feet, webbed neck, short fourth metacarpals (Fig. 2) , hyperconvex nails, low hairline, and craniofacial anomalies that include high-arched palate, small mandible, and low-set ears. Affected patients commonly are afflicted with congenital heart anomalies, short stature or decreased growth velocity, and pubertal delay. Key physical features of TS are presented in Table 1 .
Many girls who have TS come to attention initially in the neonatal period with a characteristic heart anomaly.
Other girls may present in childhood with unexplained short stature (growth velocity below the 10th percentile), possibly accompanied by chronic otitis media. Finally, some girls may present in adolescence with primary amenorrhea. Affected individuals also may manifest other features, such as increased carrying angle of the It is becoming clear that testing for sex chromosome anomalies, including TS, eventually may become part of the newborn screen. As with the other currently screened conditions, the pediatrician will be receiving these results and be involved in conveying them to the parents of the affected girls. Therefore, it is important that he or she be well-informed regarding the diagnosis and promptly initiate appropriate initial specialist evaluations and imaging (Table 2) .
Cardiovascular System
Girls who have TS may present with a variety of cardiovascular abnormalities. In these patients, congenital heart defects often are discovered initially in association with cystic hygromas in the fetus. Such cystic hygromas frequently resolve, leaving some residual webbing of the neck. Thus, the presence of neck webbing in a girl who has TS should heighten suspicion for the presence of a congenital heart anomaly.
Congenital heart anomalies in girls who have TS involve the left outflow tract most often. Bicuspid aortic valve (BAV) is the most common defect, occurring in approximately 16% of all patients and in about 37% of those who have neck webbing. Approximately 11% have coarctation of the aorta. The anomalies in TS were believed to be limited primarily to the left outflow tract, but more recent studies using magnetic resonance imaging (MRI) have suggested that the spectrum of cardiovascular anomalies is broader. Partial anomalous pulmonary venous connection is present in approximately 13% of patients. Persistent left superior vena cava also can occur. A generalized dilation of the aorta and other major vessels, such as the brachial and carotid arteries, also has been demonstrated, raising the question of a generalized vasculopathy in patients who have TS. Many girls who have such cardiac anomalies are treated with growth hormone (GH), and recent information indicates that GH treatment is safe for the heart.
Abnormalities of the aortic valve, such as BAV, coarctation of the aorta, and systemic hypertension, can be risk factors for the occurrence of aortic dissection. Aortic dilation, dissection, or rupture are rare complications in TS but often are fatal, and these complications can occur in the absence of documented risk factors. The average age for dissection is approximately 30 years, although dissection can occur early in childhood. (3) To minimize the possibility of aortic complications, it is important to treat risk factors such as systemic hypertension aggressively. Girls who have these risk factors and their parents should be educated regarding the symptoms of aortic dissection and the importance of periodic imaging to measure aortic size. Pregnancy also can be a risk factor for dissection and should be weighed carefully when contemplating pregnancy. Predisposing risk factors such as BAV, coarctation, and hypertension should be considered relative contraindications to undertaking assisted pregnancy.
In addition to structural heart anomalies, girls and women who have TS can present with a number of electrocardiographic abnormalities, which can include QTc prolongation. Recent study has demonstrated the presence of a resting tachycardia, which can begin in utero and occurs in approximately 50% of affected fetuses. (4) Tachycardia also occurs in girls and women who have TS. However, the clinical significance of these findings is uncertain. Although additional study is needed to understand these findings better, further periodic monitoring by electrocardiography in patients who have TS is suggested. For patients shown to have prolonged QTc, the pediatrician should exercise care in the use of medications that may prolong the QTc interval.
Cardiovascular Screening and Monitoring
A suggested algorithm for initial evaluation and ongoing monitoring of the cardiovascular system is detailed further in Figure 3 . Consultation by a cardiologist is essential for all individuals newly diagnosed with TS, specifically a cardiologist who is familiar with the variety of cardiovascular anomalies that can be present in the condition. In addition to a history and physical examination, this evaluation should include echocardiography and baseline electrocardiography. Such an evaluation should be performed even in those infants who have had normal fetal echocardiography findings. Obesity or unusual chest shape sometimes can limit the ability of echocardiography to delineate the heart and vessel anatomy clearly. In these instances, computed tomography scan or MRI should be used to view the aortic valve completely. These studies also provide more details of the smaller arteries and ascending and descending aorta. A baseline MRI should be performed in all girls who have TS when the procedure can be undertaken without sedation. Of note, these various imaging modalities are not necessarily comparable over time. Therefore, one technique should be chosen with which to follow the patient serially.
For patients who have documented cardiovascular anomalies, ongoing care and monitoring is directed by a pediatric cardiologist. The nature and frequency of visits and studies depend on the needs of the individual and is at the discretion of the cardiologist. Women and girls who have TS are at increased risk for hypertension, a complication that may be due, at least in part, to sympathetic nervous system dysfunction. Patients who have normal baseline cardiology evaluations can be monitored by the pediatrician, with attention given to annual blood pressure evaluations.
Those whose blood pressure is elevated should undergo periodic imaging to monitor aortic size. Dimen- genetics turner syndrome sions of the ascending aorta should be obtained at the end of systole and should be taken at three points along the aorta (the valve at the level of the annulus, the sinuses of Valsalva, the ascending aorta 1 cm above the sinotubular junction). Measurements of the transverse aortic arch and descending aortic diameter also should be included. If increased aortic diameter is noted, ongoing periodic imaging is essential. Medical treatment with antihypertensive medications also may be indicated at the discretion of the cardiologist. For girls who remain normotensive and have no documented cardiac abnormality, a follow-up evaluation by a cardiologist in conjunction with an MRI should be performed in adolescence, as girls approach the point of transition to adult cardiac care. Obesity is a common challenge for girls and particularly women who have TS. This condition can exacerbate other frequent complications such as insulin resistance and hypertension. Because patients who have TS have a propensity toward both insulin resistance and increases in concentrations of liver enzymes, monitoring of glucose, liver enzymes, and lipids is recommended. Heart-healthy diet and exercise should be encouraged to promote cardiovascular fitness.
Lymphatics
Some of the most evident features associated with TS in the neonate are peripheral lymphedema and webbed neck, which are sequelae of the prenatally present cystic hygroma and lymphedema. The lymphedema often resolves spontaneously by 2 years of age but can recur, particularly with the initiation of hormonal therapy. Occasionally, some girls may require such treatments as the use of support stockings and elevation or decongestive physiotherapy if the edema is more significant. Additional information and resources can be found at the National Lymphatic Network web site (www.lymphnet.org).
Urinary System
Some 30% to 40% of girls who have TS have structural kidney anomalies evident on ultrasonography. The frequency varies with karyotype. Anomalies may be in the collecting system or may be structural or positional anomalies of the kidneys (horseshoe kidney, malrotation). Girls who have classic 45,X karyotypes are more likely to have a structural kidney anomaly; those who have mosaic karyotypes or karyotypes involving a structurally abnormal X chromosome are more likely to have malformations of the collecting system. Patients who have malformations may be more likely to develop additional complications such as hypertension or urinary tract infections. Regardless of the patient's karyotype, renal ultrasonography should be obtained at the time that TS initially is diagnosed.
Vision and Hearing
Girls who have TS can have a variety of external anomalies of the eyes and ears as well as vision and hearing deficits. Some common aspects of the appearance of the eyes are epicanthal folds, upslanting palpebral fissures, ptosis, and hypertelorism. Recognizing these features in a girl presenting with short stature can assist in diagnosing TS clinically. Hyperopia and strabismus each occur in approximately 25% to 35% of patients. Ophthalmologic evaluation is recommended by 12 to 18 months of age in all girls who have TS. Both sensorineural and conductive hearing loss can be significant issues for girls who have The pediatrician should maintain a high level of suspicion for otitis media and a low threshold for referral to a pediatric otolaryngologist for girls experiencing symptoms such as ear pain or hearing difficulty. Careful clinical surveillance employing not only otoscopic examination but also pneumatic otoscopy and tympanometry at least annually is indicated until at least 7 to 8 years of age. To avoid such complications as cholesteatoma and to minimize the negative impact on speech development related to hearing loss, otitis should be treated promptly and aggressively. Resolution of the effusion should be documented carefully and referral to an otolaryngologist made in the event of persistent effusion (Ͼ3 mo) or recurrent episodes of acute otitis media. Sensorineural hearing loss, although more often a problem in adults, has occurred as early as 6 years of age. This condition may be characterized by a decrease in hearing at 1.5 to 2 kHz. If hearing loss or ongoing otitis media is identified, an audiology evaluation should be undertaken annually. For those who have neither identified hearing loss nor chronic otitis media, this study should be performed every 2 to 3 years.
Orthodontics
Girls who have TS can have a characteristic pattern of abnormal craniofacial development, characterized by flattening of the cranial base angle and reduced posterior cranial base length. Although the maxilla often is narrow, leading to a high-arched palate, the mandible tends to be wide, but the chin micrognathic. Therefore, malocclusion of varying types is common. In addition, tooth development can be abnormal and tooth eruption early. Dental evaluation is recommended at 2 years of age and orthodontic evaluation by 7 years. Orthodontic follow-up is particularly important for girls receiving GH therapy, which can affect the rate of jaw growth.
Autoimmunity
Both thyroid dysfunction and celiac disease occur in a significant proportion of individuals who have TS. Hypothyroidism is most common; hyperthyroidism occurs far less often. Approximately 4% to 6% of girls who have TS develop celiac disease. Importantly, all of these conditions can affect growth and development. Annual thyroid screening, including measurement of thyroidstimulating hormone and thyroxine, should commence at age 4 years and continue through adulthood. Screening via measurement of tissue transglutaminase immunoglobulin A antibodies is recommended, beginning at age 4 years and repeated every 2 to 5 years thereafter. Although more rare, Crohn disease and ulcerative colitis have been reported with some frequency in TS.
Skin
Girls who have TS have an increased tendency toward acquired melanocytic nevi. However, recent study has shown that this does not appear to place them at increased risk for melanoma. It was believed previously that girls who had TS also were at increased risk for developing keloid scarring, but more recent opinion is that this postulated tendency may be more a product of the regions of the body on which plastic surgery often is performed, such as the head and neck, rather than a true difference in the propensity for proper healing in patients who have TS.
Skeletal System
Essentially all individuals who have TS are of short stature, which is the most common reason for diagnosing the condition in childhood. Recent evidence has shown that most of this height deficit is related to deficiency of the SHOX gene, which is located on the short arm of the X chromosome (Xp) in the pseudoautosomal region. This region of the X chromosome is known to have genes similar to those found on the Y chromosome. Girls who have TS often have a distinct growth pattern that may begin with mild intrauterine growth restriction, followed by slow growth during infancy, delayed onset of childhood growth, and absence of the pubertal growth spurt. Bony anomalies that may be present include Madelung deformity (growth deficiency of the radius, resulting in subluxation of the ulnar wrist), cubitus valgus, genu valgum, and short fourth metacarpals. Scoliosis is present in 10% to 20% of affected girls.
Average adult stature generally is shorter than the expected target height. GH has been shown to be effective in increasing adult height, but the magnitude of this benefit has varied among studies. Ultimate outcome depends partially on protocol design, dose, and duration of therapy. Parental height and height at the beginning of treatment also are predictive. A baseline endocrinology referral should be made at the time of diagnosis. Although an optimal age for initiating GH treatment has genetics turner syndrome not been determined, this decision should be made in concert with the endocrinologist after careful consideration of the risks and benefits. Initiation should be considered as soon as growth failure becomes evident. Specific dosage regimens are outside the scope of this review. Treatment should be accompanied by evaluation of growth velocity and physical evaluation for orthopedic complications. Slipped capital femoral epiphysis, which can present with hip or knee pain, should be considered strongly in any child having such pain who has GH deficiency, especially when being treated with GH. (5) (6) 
Puberty
Some degree of spontaneous pubertal progression occurs in approximately 30% of girls who have TS; spontaneous pregnancy may happen in 2% to 5%. However, more than 90% of patients experience gonadal failure. To determine if residual ovarian function is present and may result in delayed but spontaneous puberty, gonadotropin should be measured before an estrogen regimen is begun. Previous practice was to delay the medical initiation of puberty until age 15 years to allow for greater gains in height. However, more recent evidence indicates that beginning estrogen at age 12 years in concert with a more normal pace of pubertal development does not impair the effect of GH on final height significantly. As with GH treatment, pubertal initiation should be directed by a pediatric endocrinologist.
Learning and Psychosocial Aspects
For most girls who have TS, cognitive and motor development proceed normally, and intelligence is normal. However, some girls who have a ring X karyotype can be mentally retarded. Girls who have TS often score lower on measures of nonverbal performance than verbal performance on standard intelligence quotient testing. They can be at risk for deficits in such nonverbal skills, leading to some difficulty with math and visual-spatial skills. Some may experience difficulty with executive function and processing speed and may require special accommodations in academic testing situations. Girls who have TS are diagnosed with attention-deficit disorders more often than the general population. Some motor deficits also may be manifested. Social learning may be a challenge. Multiple theories about the basis for learning problems exist, including estrogen deficiency or haploinsufficiency for one or more genes on the X chromosome. Deficits can be notable, particularly in learning to attend to subtle social cues. Girls, particularly teens, who have TS tend to be socially isolated and often display immaturity and anxiety in social situations. Sexual milestones may be delayed. Pubertal hormone therapy may improve some of these deficits.
Transition to Adult Care
As girls afflicted with TS progress through adolescence, the process of transition to adult primary and specialist care becomes paramount. Because of the numerous health-care issues that can occur both in adolescence and adulthood, it is important that the adolescent be well prepared to take on her role as the decision-maker in her own health care. Beginning at age 12 years, the focus of care should move from the parent to the girl herself. Ongoing dialogue between the pediatrician and the adolescent who has TS should emphasize the importance of maintaining good dietary habits and a healthy weight for height and incorporating heart-healthy exercise into the daily routine. Adolescence also is an appropriate time to discuss options for family planning, such as egg donation and other assisted reproductive techniques and adoption.
It is important that adolescents understand that despite the low likelihood that they will become pregnant, this situation does not protect them from acquiring sexually transmitted diseases. As with any adolescent, they should be educated on appropriate precautions. Preparation for transition should be completed in concert with the adult clinician(s) to ensure appropriate continuity of care into adulthood. Pediatricians can be helpful in identifying adult practitioners who have an interest in caring for these patients and their multiple health-care needs.
Conclusion
TS can present as a spectrum of clinical features, ranging from life-threatening congenital heart disease in the neAs girls afflicted with TS progress through adolescence, the process of transition to adult primary and specialist care becomes paramount.
onate to short stature and pubertal delay in an otherwise healthy young girl or adolescent. There is a greater potential for height gain with early GH treatment. The incidence of cardiovascular complications in children and adolescents who have TS is significant. Therefore, there must be a low threshold on the part of the pediatrician for obtaining a karyotype in any girl who has congenital heart disease, short stature, or pubertal delay. The pediatrician is instrumental in the coordination of care for girls found to have TS, who can have multisystem involvement, and the pediatrician should assist them in their transition to adult care.
